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PREFACE. 

The  subject  of  Centrifugal  Pressure  Blowers  has 
herein  "been  presented  in  two  parts;-  the  first,  a 
brief  treatise  on  the  general  principles  and  import- 
ant factors;  and  the  second,  a  thorough  investigation 
of  the  performance  of  blowers  in  practice. 

In  Part  #1  are  given  the  theory  general  formulae 
and  important  factors  which  enter  into  the  problem  of 
a  proper  blower  installation. 

In  Part  #2  are  given  the  results,  and  conclus- 
ions to  be  draym   therefrom,  of  complete  efficiency 
tests  of  blowers  of  the  same  general  type  but  made 
by  different  manufacturers. 
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PART 


ONE. 


COMPARATIVE  TEST  OP  CmTTRIPTOAL  PRESSURE  BLO'^fERS. 

The  following  work  was  imder taken  to  determine, 
"by  comparative  tests,  the  most  efficient  of  three 
centrifagal  pressure  blowers  of  the  sarae  type,  made 
"by  different  manufacturers. 

The  "blowers  will  "be  compared,  first  with  re- 
spect to  mechanical  efficiency;  second,  capacity; 
third,  pressure;  and  fourth,  horse  power  required 
to  drive. 

Before  the  "beginning  of  the  actual  experiments 
with  the  separate  "blowers,  it  is  proposed  to  deal 
with  the  general  theory  and  deductions  therefrom  of 
all  centrifugal  pressure  "blowers  without  regard  to 
their  different  designs. 

The  first  satisf"actory  theory/-  of  centrifugal 
"blowers  in  general  was  promulgated  "by  Daniel  Murge. 
He  proved,  in  a  manner  which  will  be  explained  in 
the  following  pages,  that  theoretically  the  raaxi- 
mxxm   pressure  created  by  a  perfect  blower  is  equiva- 
lent to  twice  the  head  which  would  produce  a  veloci- 
ty equivalent  to  that  of  the  periphery. 

Prom  the  construction  of  the  fan  wheel,  as 
shown  in  figure  No.  1,  it  can  be  seen  that  the  air 
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FIOrjRE  #1 


is    taken   in   at   the    center. 
The   vanes  "begin  at    the    cir- 
cumference   of   this    inner 
chamher  and   are    inclined   to 
ena"ble    them  to   receive    the 
air  without    shock. 
Since   the    air    to  he   used   in 
the  blowers    is   practically 


motionless,    it    is  necessary   to   impart    to   it   a  ve- 
locity,    at  the   expense   of   the   available   pressure 
head,    in  bringing   it   to   the    interior  part   of  the 
vanes.      This  velocity  will   be    represented  by  Vo, 
and  the   loss    of  head   occasioned  by   it   will  be. 


Vo 


(1) 


The  centrifugal   force    of  the    fan   wheel   tends 
to    draw  the   air   out   through  the   vanes   radially,   but 
this   tendency   is   counteracted  by   the    angular  ve- 
locity at   the    circumference   of    the    entrance   chamber. 
The    two   velocities  Vo   and  w  r   combine    to   give   a  re- 
sultant velocity  V,   ,      The    interval  between   two   con- 
secutive vanes   forias   a  narrov/  pasnage  v/ay,    that   is, 
narrovif  as  comoared   with    the   area  betw^^en   the    vanes 
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proper.   This  increase  in  area  reduces  the  velocity 
of  the  air,  and  it  leaves  the  vanes  with  a  less  ve- 
locity than  it  had  .when  it  entered.  Let  this  ve- 
locity he  Yz  .' 

Then  hy  the  theory  of  Bernoulli  which  saj'-s  that: 
when  the  speed  of  a  vein  of  air  (gradually  diminish- 
es from  one  point  to  another  the  increase  of  pres- 
sure is  equal  to  the  diminution  of  the  generative 
heat  of  the  speed.   Therefore  the  ^ain  of  pressure 
in  this  passage  will  he  given  hy, 

+ji-ji- (2) 

Since  the  speed  V,  was  ohtained  hy  corahin- 
ing  the  tangential  speed  w  r  and  the  radial  speed 
V  ,  forming  a  right  angle  trangle,  the  expressions 
V<  may  he  replaced  hy  the  quantity  Vo  +   w'V'^and 
give  the  gain  of  head  in  the  passage  the  form  of 

^  JJo^-h   Yf^r^-    //----  — -^.-  (3) 

2g    2g 

The  raoveraent  of  the  air  which  is  heing  drawn 
in,  creates  the  centrifugal  force,  v/hich  in  its 
turn  produces  a  gradual  increase  in  pressure  from 
the  interior  to  the  exterior  circumference.   It  is 
then  necessary  to  imagine  a  prisraatic  element  of 
air  dravm  in,  placed  at  a  distance  x  from  the  center 
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and  presenting  a  height  dx  in  the  direction  of  the 

radius,  a  "base  s  in  the  perpendicular  direction, 

and  a  density rf",  the  mass  in  this  element  will  be 

s__d  jK<r 
S 

and  the   centrifugal   force   developed  Toy  rotation 

d  y  -    s   d  X  d"  w-'x -(4) 

g  " 

The  increase  in  head  per  unit  of  surface  from 

one  "base  to  the  other  of  this  little  prism  will 

he  obtained  by  dividin,'^  the  preceding  expression 

by  s.   Then  in  order  to  arrive  at  the  differential 

increase  of  pressure  due  to  the  centrifugal  force 

we  must  divide  by  the  density  cT,  which  gives, 

d  h  =r  wf2L  dx  ---  —  '--- -^ (5) 

S 

and  integrating  between  the  liTiits  x  =  r  and  x=-R, 

we  shall  have  for  the  difference  in  pressure  due 

to  centrifugal  force,  the  expression, 

_^  w^R''-  w^r^ 
^  -^g 

Then  by  adding  the  various  pressure  heads  we  ob- 
tain, 

2g'     2g~"    2g        ''2g   "    2g    2g 
T].t/s  it  is  found  that  irrespective  of  the  shape 


given   to   the  vanes,    the   maximum   aTaila"ble  head  is, 


H: 


'^yi- 


■%"2i 


(7) 


u  "being  used  to  designate  the  velocitv  of  the 
periphery. 

The  foregoing  shows  a  complete  analysis  of 
the  possihle  pressure  heads  to  "be  ohtained  "by  re- 
volving the  fan  wheel. 

If,  as  in  the  case  of  all  pressure  "blowers, 
we  enclose  the  fan  wheel  in  a  steel  cover  and  per- 
mit the  air  to  escape  throiigh  a  passage,  as  shown 
in  Figure  #2,  the  pressure  will  he  still  further 

increased  in  the  follow- 
ing way: 

The  air  will  "be  made  to 
traverse  a  suitable  duct, 
and  it  is  in  the  chc-n^e  of 
velocity  hetween  the  time 
of  leaving  the  vanes,  and 
FiaTFRR  Jt2  emerging  from  the  duct, 

that  the  pressure  head  is  affected.   Let  V  he  the 
speed  of  the  air  leaving  the  vanes  and  W  represent 
the  speed  leaving  the  diict.   Then  the  ^corresponding 
increase  impression  hecomes. 
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2g^     2g 
The  speod  V  is  o'btained  by  combining  the  tan- 
gential speed  u  and  the  relative  velocity  of  the 
air  leaving  the  vanes,  which  was  shown  to  he  Y^  ,      The 
resultant,  is  given  hy  the  trigonometrical  relation 
"between  the  angles  and  sides  of  a  triangle,  and  is  as 
follows: 

V^=  u^-^  V/-  2  u  V;i  cos  a --.--(8) 

in  which  a  is  the  angle  at  which  the  vanes  strike 
the  exterior  circumference.   In  substituting  this 
value  of  V^  in  the  preceding  expression  we  shall 
have. 


which,  when  added  to  that  already  obtained  with  the 
separate  fan  wheel,  will  give  the  total  head, 

H=  _u^  "   u  Va.  cos  a  -  W* -"--(9) 

g         "g  ~  '     S 
By  the  inspection  of  the  preceding  equation,  it 

can  be  seen  that  if  a  =90"  the  term  u  V^.  cos  a  v/ill 

g 
be  made  equal  to  zero  and  drop  out.   On  the  other 

hand  if  a  is  made  greater  than  90°  the  term  will  be- 
come a  positive  quantity.   This  has  been  tried  by  ex- 
perimenters, and  the  results  obtained  have  not  been 
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0 

as  good  as  those  with  the  angle  equal  to  90  .   This 
fact  has  "been  accounted  for  by  a  loss  of  head  in  the 
expression  No.  2. 

2g    2g 
The  area  "between  the  vanes  does  not  increase  as 

0  8. 

it  would  with  a =90,  and  the  negatiye  term  -_V^  in- 

2g 
creases,  which  weakens  the  head,  causing  the  machine 

to  lose  its  power. 

The  equation  for  available  pressure  head  is 

then  reduced  to, 

E=_u^-   Jl!----- ---(10) 

g     2g 
It  now  remains  to  proportion  the  air  duct,  so 

that  the  exit  velocity  is  practically  zero,  which 

is  about  the  same  as  having  the  blower  v/orking  on  a 

closed  space,  v/ith  respect  to  velocity,  and  the  term 

-  W  will  then  become  zero  leaving 

"  H=_u^  - (11) 

g 
In  theory,  as  has  been  shown,  the  pressure 

to  be. obtained  from  a  pressure  blower  depends  upon 

the  velocity  of  the  periphery,  and  should  remain 

constand  at  a  value  equal  to  that  which  it  reaches 

when  acting  upon  a  closed  space.   In  reality  the 

head  obtained  is  alwavs  less  than  its  initial  head. 
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A  ^reat  part  of  this  head  will  te  found  to  he   ah- 
sorlDed  hy  the  frictions  and  losses  of  active  power 
in  air  traversing  the  machine. 


-10- 

I?£PORTA!vTT  FACTORS. 

In  the  conveying  of  the  air  from  the  blower 

it  has  been  found  by  experiment  that  the  volume  and 

head  of  air  handled  depend  upon  two  factors.   These 

factors  are:-  first,  equivalent  orifice;  and  second, 

orifice  of  passage. 

The  determination  of  these  two  factors  is  made 

possible  by  the  use  of  the  formula  for  gravity, 

h=  v^  ,  where  v  =  Vel.  Pt.  per  sec.  g=  accel.  of 

2o- 
gravity,  and  h= press,  head  in  feet  of  air,  which 

gives  the  height  of  fall,  or  height  of  column  of  the 

flowing  air. 

EQUIVALENT  ORIFICE. 

It  has  been  determined  by  actual  experiment 

that  the  quantity  of  air  which  passes  through  an 

orifice  in  a  thin  plate  is  equal  to  .65  that  of  the 

quantity  due  to  the  area  of  the  full  orifice  and 

since 

h-  v^ 
2g 

and       V=  l2gh 

Q=.65  a|2^ 

'•fPhere   Q,=  quantity  in  cu.  ft.  per  sec.  and  a=area 

of  equivalent  orifice   in  sq.  ft. 


-11- 

Reducing  equa.   1  we   015 tain  a  formula   for  the   equiva- 
lent orifice. 

a  =  __    _  y _  .     _  V 

^  ,  65f2  "g  ¥"  .65^2   g  h|s 

where   Oq  =1000   and.cr=i.2  ^or   the    relative   densities 

of  water  and  air.      Then  hy   suhstituting  the  value 

2   g  =54.4  we  have, 

a= _V _        .022967  ___ 

43.50jTr  |h  " 

In   this   case  V—  cu.    ft.   per  sec.      h=inche8 

water.      The   performance   of  a  lolouer   is  generally 

spoken   of  in  cu.    ft.    per  min.    and  by  treating   the 

above   densities  as  normal  we  have, 

a  =    .0003825  Q 

where  0_  =  cu.  ft.  per  rain.  h=  inches  water. 

The  value  of  the  foregoing  lies  in  the  fact 
that  it  enables  us  to  grasp  at  once  the  conditions 
under  which  a  blower  is  working. 

ORIFICS  OF  PASSAGE. 
The  "Orifice  of  Passage"  is  a  collective  term 
which  is  used  to  represent  the  various  resistances 
in  a  blower  and  air  duct.  This  Orifice  of  Passage 
forms  an  obstacle  to  the  passage  of  air  and  causes 
a  sensible  loss  of  duty,  thereby  decreasing  the 
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head. 

The  head  which  is  ohtained  v^h^n   a  blower  is 

acting  upon  a  clos'Bd  space  is  called  the  iritia.! 
head.   The  Orifice  of  Pasnage  is  associated  with 
the  Equivalent  Orifice,  "because  of  the  fact  that  as 
the  Equivalent  Orifice  increases  the  initial  head 
gradually  decreases.   The  gradual  decrease  is  ac- 
counted for  in  the  Orifice  of  Passage. 

Calling  H  the  initial  head,  ho  the  gradual  re- 
duction, and  h  the  effective  head,  we  will  have, 
h  =  H  -  ho 

The  relation  hetv/een  the  Equivalent  Orifice 
and  the  Orifice  of  Passage  is  given  in  the  follow- 
ing: 

Let  a  reoresent  area  of  Eqiiivalent  Orifice  in 

sq.  ft. 

Let  0  represent  area  of  Orifice  of  Passage  in 

so.  ft. 

Then  having  given  the  heads ^ as  given  ahove,  and 

knowing  that  the  same  volume  of  air  traverses  each 

orifice  we  have, 


and 


Then  hy  asstiining   the    same    normal   densities   as  given 


v  =  , 

,65    a 
.65   0 
.    a* 

"o>- 

]  ?-P^h 

ho_ 

h"- 

J2gho 
or      0 

in  the  equivalent  orifice  discussion  we  have, 

0  =  afir~ 

I  ho 
in  which  the  areas  are  in  sq.  ft.  and  the  heads  in 
inches  of  water 

The  head  produced  hy  any  pressure  blower  is  di- 
vided into  two  distinct  quantities,  velocity  head 
and  static  head.   The  total  head  produced  is  called 
the  dynaraic  head,  and  is  equal  to  the  sum  of  the 
velocity  and  static  heads.   This  condition  of  af- 
fairs is  especially  true  of  air  ducts  of  small  di- 
ameters.  In  the  preceding  paragraphs  the  tern  head 
has  meant  the  dynamic  head. 

In  air  ducts  of  large  diameters  the  velocity 
head  is  very  small  and  in  some  cases  negligible. 

In  theory  the  s»im  of  the  static  and  velocity 
heads  should  he  equal  to  a  constant  dynamic  head, 
but,  as  will  be  sho\vn  in  the  experimental  results 
following,  such  is  not  the  case  in  practice. 

When  designing  blowers  it  is  the  usual  practice 
of  prominent  manufacturers  to  vary  the  peripheral 
speed  in  obtaining  the  desired  pressure. 
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The  volume  requireruents  are  a  direct  function  of  the 
width  of  the  blades. 

The  pressure  may  he  secured  "by  running  a  small 
wheel  at  high  speed  or  a  large  wheel  at  low  speed. 
If  however  the  diameter  of  the  wheel  is  made  too 
small  it  may  be  impossible  to  adapt  a  vifidth  of  blade^ 
within  reasonable  limits,  which  will  permit  the  nec- 
essary volume  of  air  and  pressure  transformation 
within  the  blades,  to  give  the  desired  pressure. 

Pressure  and  volume  in  a  fan,  above  certain 
limits  for  each  type,  axe  obtained  only  at  the  ex- 
pense of  the  horse  power  required  to  drive  it,  and 
60  it  is  appare-nt  that  the  builders  of  blowers  must 
use  a  different  design  for  each  installation  in  or- 
der to  have  the  best  economy. 


P   A  R  T   --   T 
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In  Part  One  all  discussions  and  theory  was  gen- 
eral and  applies  to  all  the  blowers  alike;  Part  Two 
will  therefore  he  specific,  taking  each  hlower  in 
turn,  giving  manner  of  testing,  results  therefrom, 
and  finally  a  general  comparative  discussion  upon 
the  advantages  and  disadvantages  of  the  different 
makes. 

A  good  idea  of  the  apparatus  and  the  general 
arrangement  of  the  same  may  he  obtained  from  the 
drawing  on  print  (A).   The  apparatus  consists  of  a 
motor-driven  hlower  placed  at  one  end  of  a  15  foot 
fiber  duct, 10  inches  in  diameter,  into  which  it  dis- 
charges, and  at  the  other  end  of  iwhich  is  a  slot  in- 
to which  orifices  of  different  diameters  may  be 

placed. 

A  set  of  Pitot  tubes  was  used  in  measuring 

the  pressure  heads  in  the  duct.   The  data  obtained 

by  the  use  of  the  Pitot  tubes  forms  an  extremely 

vital  part  in  the  experiments  to  follow,  and  it  is 

very  important  that  they  be  used  correctly. 

The  construction  of  the  tubes  used  is  shown  on 
print  (B). 

Many  exhaustive  experiments  have  been  carried 
on  to  determine  the  equation  of  the  Pitot  tube,  and 


the  effect  of  changing  the  shape  of  "both  the  dynam- 
ic and  static  tubes. 

The  pressure  chamber  or  static  tube  of  this 
particular  design  has  been  so  proportioned  as  to 
give  an  efflux  coeff.  of  unity  in  the  equation,  V=K 
]2gh,  where  V=Vel.  in  ft.  per  sec.  1^=  coeff .  ,g  =.  accel. 
of  gravity  and  h  =  vel.  head  in  ft.  of  air. 

It  has  been  shovm,  by  numerous  experimentors, 
that  the  shape  of  the  djmaraic  tube  does  not  effect 
the  readings  given  by  it  in  any  way. 

A  method  of  roughly  testing  the  tubes  is  given 
in  the  placing  of  the  tip  just  outside  the  mouth  of 
an  air  duct.   At  this  point  it  is  apparent  that  there 
is  no  static  head,  the  velocity  of  the  air  only  ex- 
erting a  pressure,  and  therefore  the  tubes  shov/  no 
static  pressure. 

It  is  important  that  the  tip  of  the  tube  be 
placed  at  the  point  in  the  duct,  where  the  passing 
air  has  its  mean  velocity,  and  this  point  is  called 
the  mean  radius. 

The  mean  radius  of  the  duct  was  found  by  measur- 
ing the  velocity  heads  at  different  places  along  the 
diameter  and  plotting  a  curve  as  shown  in  print  (C). 
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The  mean   radius   data   and   results   are   shown   on  print 

(_0). 

The  area  under  this  curve  was  integrated  hy 

means  of  a  planimeter,  and  by  dividing  by  one-half 
of  the  base,  the  altitude  of  the  mean  triangle  was 
obtained. 

At  the  point  where  the  hypothenuse  of  this  tri- 
angle cuts  the  curve  a  perpendicular  was  dropped 
intersecting  the  base.   The  point  of  intersection 
bet'veen  the  perpendiciilar  and  the  base  gives  the 
mean  radius. 

The  type  of  Pitot  tube  used  by  us  was  very 
carefully  calibrated  by  R.  Burnham,  and  a  complete 
discussion  of  his  investigations  is  given  in  the 
"Engineering  News",  December  21"  1905,  under  the 
title  of  "THE  T>itot  Tube".   A  discussion  of  the 
method  of  determining  the  mean  radius  is  also  given 
in  the  same  article. 

This  calibration  work  shows  very  conclusively 
that,  for  this  form  of  instrument,  the  coefficient 
of  efflux  is  unity. 

The  nitot  tube  is  inserted  into  the  duct  about 
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tv/0  feet  from  the  end,  as  shovm,  and  is  connected 
hy   flexiljle  ruVi'ber  tubing  to  the  draft  gauge  which 
measures  the  velocity  head  and  to  the  manoraeter, 
which  measures  the  static  head. 

The  draft  gauge  used  is  of  standard  type  and 
having  heen  calibrated  from  time  to  time  in  the 
mechanical  lahratories  of  the  Armour  Institute,  is 
assumed  to  he  correct.    It  is  graduated  to  r^ad  to 
a  thousandth  of  an  inch. 

The  manometer  is  of  the  ordinary  U-tuhe  type 
teing  filled  with  destined  water  which  is  assumed 
to  he  at  62  F.   This  manometer  was  graduated  to 
read  to  a  hundredth  of  an  inch. 

The  thermometer  shown  near  the  pitot  tuhe  is 
inserted  into  the  duct,  and  the  temperature  of  the 
air  therein  obtained  from  it.   The  input  of  the 
motor  is  det^nained  from  reading  of  an  ammeter  and 
voltmeter,  not  shovra  on  the  print,  connected  in  the 
usual  manner  in  the  circuit.   A  tachometer  was 
used  in  obtaining  the  blower  and  motor  spet-)ds. 
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CALIBRATION  OP  APPARATUS. 
MOTOR. 

The  motor  used  in  these  tests  was  No.  553976 
inter  pole  raotor  'aanufactured  hy  the  Jilectric  Dynar*- 
ic  Company  of  Bayonne,  N.  J.,  and  develops  5-H.  P. 
at  40  amperys  ^ith  voltage  at  110,  and  has  a  speed 
variation  from  290  to  1160  R.  P.  M. 

The  calihration  of  this  raotor  consisted  of  a 
series  of  six  runs  in  each  of  which  the  speed  was 
kept  constant,  or  approximately  so,  and  the  load 
varied. 

The  ordinary/  apparatus  was  used  consisting  of 
a  prony  hrike,  scales  and  tachometer,  from  which  the 
motor  output  was  determined,  the  input  "being  determ- 
ined from  the  readings  of  a  voltmeter  and  aimneter 
connected  in  the  circuit.    The  data  obtained  as 
well  as  the  results  calculated  therefrom  are  sho'flrn 
on  log  sheet,  print  (E).   The  curves  sh0';m  on  print 
(F)  are  the  efficiency  calibration  curves  plotted 
from  these  results,  and  the  curve  on  print  (Tt)  is  an 
average  of  these  curves. 

In  using  these  curves  to  obtain  the  motor  ef- 
ficiency for  varying  input  values,  the  curve  corres- 
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ponding  to  the  raotor  speed,  at  time  of  input  read- 
ing, was  used. 

AT^JTCSTER  K'D   VOLT?CSTER. 

The  meters  used  in  these  tests  were  of  the 
Weston  direct  reading  type,  manufactured  hy  the 
Weston  Electrical  Instriwient  Company  of  Newark, 
IT.  J.   The  voltmeter  was  model  1,  No.  17340,  and 
had  two  scales  0-2.5  and  0-120.   The  ammeter  was 
model  1,  No,  8933,  and  read  from  0  to  120  amperes. 

These  instruments  were  calibrated  hy  compari- 
son with  standard  instruments  and  found  to  he  very 
nearly  correct.   The  error  was  so  small,  that  it 
would  he  negligible  in  our  calculations;  therefore 
we  assumed  the  voltmeter  and  ammeter  readings  to  he 
correct. 

SCATTER. 

The  scales  used  in  connection  with  the  prony 
hrake  were  calibrated  by  placing  standard  v/eights 
upon  them,  and  they  were  found  to  be  correct  within 
their  limits  of  measuring. 

THER?TOJCETERS. 

The  thennometers  used  in  measuring  the  temper- 
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ature  of  the  room  and  of  the  air  in  the  duct  v/ere 
the  ordinary  type,  graduated  in  degrees  and  were 
assumed  to  he  correct  within  the  range  of  accuracy 
required  in  these  tests. 

TACHOJ£ETERS. 

A  direct  reading  tachometer  was  used  to  ohtain 
the  speed  of  the  hlower  and  motor  pulleys. 

By  shifting  a  small  clutch,  we  were  ahle  to 
use  the  tachometer  to  measure  speed  on  four  differ- 
ent scales.   The  scales  in  R.  P.  I',   were  30  to  120, 
100  to  400,  300  to  1200  and  1000  to  4000. 

Our  speed  measurement  requirements  were  ful- 
filled by  the  300  to  1200  and  1000  to  4000  scales, 
so  these  were  calibrated. 

The  tachometer  was  calibrated  by  the  aid  of  a 
frequency  meter,  which  recorded  the  frequency  of  an 
alternating  current.   The  frequency  and  speed  of 
shaft  were  taken  simultaenously,  with  the  meter 
and  tachometer  respectively. 

Then  calculating  the  R.  P.  M.  by  the  frequency 
formula, /^/?/v=^^^  ,  we  were  enabled  to  compare  the 
tachometer  readings  with  the  corresponding  correct 


ones.   Prom  this  data  caliiDratlon  curves  were 
plotted  and  used  throughout  the  experimental  work. 
The  curves  are  shown  on  prints  (H)  and  (I). 


-9- 
BUPPAJ.O  BLO^'SR. 
SIZE  m.    9 
The  Buffalo  Blower  was  installed  as  shown   on 
print  (A)  and  a  series  of  four  runs  was  made  upon 
it  as  follows:- 

1,  Constant  hi^^h  speed  at  approximately  1500 
R.  P.  Jf . ,  and  discharge  orifice  diameter  varying 
from  0  to  10  inches. 

2.  Constant  low  speed  at  approximately  1075 

R.  "^.  M.,  and  discharge  orifice  diameter  varying 
from  0  to  10  inches. 

3,  Constant  dischar-re  orifice  at  10  inches  in 
diameter  or  .5459  so.  ft.  in  area,  and  speed  vary- 
ing from  596  to  1485  H.  P.  M. 

4.  Constant  discharge  orifice  at  8"  in  diatneter 
or  .3490  sq.  ft.  in  area,  and  speed  varying  from 
600  to  1535  R.  P.  M. 

The  apparatus  was  first  put  in  good  running 
order  and  the  zero  of  the  draft  gauge  was  determined^ 
after  which  the  motor  was  started.   The  speed  was 
gradually  raised  until  the  required  speed  was  reach- 
ed, and  the  0  orifice  plate  was  then  inserted  in  the 
slot.   After  the  "blower  had  "been  running  for  a  few 
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Einutes,  In  order  that  conditions  might  hecome  con- 
stant, the  run  was  started  and  the  following  read- 
ings werf^  taken :- 

1.  Draft  gaut^e  or  velocity  head. 

2.  Manoraeter  or  static  head. 

3.  Amneter, 

4.  Voltmeter. 

5.  Temperature  in  duct. 

6.  Temperature  in  room. 

7.  R.  ?.  7J.  of  "blov/er. 

8.  R.  P.  n.    of  motor. 

The  "blank  plate  v/as  then  removed  and  the  3" 
orifice  inserted  in  its  place,  and  again  the  con- 
ditions vi/ere  allowed  to  become  constant,  after  v^hich 
the  ahove  operations  were  repeated.   These  operations 
were  repeated  for  the  4",  5",  6",  7",  8",  and  10" 
orifices,  after  which  they  were  again  repeated  tak- 
ing the  orifices  in  the  opposite  order,  namely  10", 
8",  7",  6",  5%  4",  3"  and  0". 

Pun  1  was  exactlj^  like  Run  2,  except  that  the 
speed  was  kept  constant  at  approximately  1075 
R.  P.  M.  instead  of  1500  R.  P.  M. 


t      ■■      c  t 
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After  Run  2   the  notor  was  stopped  and  the  apparatus 
allowed  to  lie  Idle  a  short  time,  after  which  the  draft 
gauge  zero  was  again  determined  and  the  Run  3  was  start- 
ed.  The  hloiver  vi'as  "brought  up  to  a  speed  of  596  R.  P.  M. 
and  after  conditions  were  constant,  readings  similar  to 
those  in  Run  1  were  taken.   The  speed  was  then  raised 
in  increments  of  ahout  100  R.  P.  ¥. ,  making  8  steps  up  to 
1485  R.  P.  m.    and  readings  of  the  different  instruments 
taken  for  each  increment. 

Run  4  was  exactly  the  same  as  Run  3,  except  that  the 
discharge  orifice  was  8"  in  diameter  instead  of  10", 

The  data  obtained  from,  these  tests  are  shown  on 
prints  (.T)  (F")  (L)A(M)  and  the  results  calculated  from  it 
as  well  as  the  corrected  readings  on  prints  (1t)(0)(P)& 
(Q). 

The  curves  plotted  therefrom  appear  on  prints  (R) 
(S)(T)&(U). 
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APIERICA2I  BLOWER. 
TYPE  V.  F0.5 

In  the  installation  of  the  Buffalo  Blower  the 
"blower  outlet  fitted  very  snugly  into  the  discharge 
duct;  In  the  case  of  the  American  Blower,  however 
the  outlet  was  tv/o  large  and  a  reducer  had  to  "be 
fitted  in  order  to  make  a  good  connection. 

The  tests  upon  the  American  Blower  were  the 
same  as  those  made  upon  the  Buffalo  Blower,  except 
that  three  readings  v/ere  made  in  each  run  upon  simi- 
lar conditions  instead  of  two,  as  "before. 

The  results  obtained  in  the  runs  are  tabulated 
in  the  running  logs^ on  prints  (V) (W) (r) {Y)^and  the 
results  of  the  calculations  made  from  them  are  shown 
on  prints  (Z) (AA) (BB)&(CC) .   The  curves  plotted 
from  these  results  are  shown  on  prints  (DO) (EE) (F?) 

&(CrO). 

SAJO^LE  CALCULATIONS. 

The  following  presents  a  complete  set  of  sam- 
ple calculations,  hlue  print  result  of  v/hich  are 
given  in  the  American  Blower  log  sheet  print  (CC). 

The  data  are  shown  on  print  (Y)  and  the  test 
curves  appear  on  print  (GG). 
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As  shown  on  the  data  sheet  three  complete  sets 

of  readings  were  taken  for  each  blower  speed.   The 

average  values  of  th«  three  sets  were  obtained  and 

used  in  the  computation. 

RESULTS  POR  RUN  NO.  1. 

Barometer  reading,  inches  Kg.  ---^'- '-  —  -29.74 

Zero  draft  gauge  reading,  inches  H^O .330 

Diam.  Disch.  orifice,  inches ^^^^^ -^..  8 

Area  disch.  orifice,  sq.  ft.^(  878)^(144X4)  =  .349 

The  draft  gauge  reading  gave  f'^e  static  head, 

Inches  H^O  — ..... --^^   ,108 

The  manometer  reading  gave  the  static  head, 

inches  H^O  --^...  ► ►..., ^-... .--   .43 

The    sum  of   the   velocity   and   static  heads   gave 

the   dynamic  head  —     (..l08-^.43)    -- •■---       .538 

VALUE   0?  AIR  CONSTANT. 

The    formula,    1    -     29.92  J      T     X   68.44,    was 
-^~        523 
used   to   obtain   the   height  of  a  column   of  air  in 

feet,    equivalent   to   an  inch  of  water   for   each  run. 

The  water   in  manometer  ?;as   assumed   to  be   at   62  F. 

In    the   formula, 

H  =ft.  of   air   eqiial    to   1    inch   of  water. 

P  =  "Parometer-^  static  head^  ins.    of  ITg. 

T  =  absolute    teraioerature    in   duct  "y. 
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Therefore,  H  =  29.92  y  527.5  y68. 44  =69.29  ft.  of  air. 

PRESSURES  ITi  ?T.  OF  AIR. 
Velocity  head  in  ft.  of  air  =  (.108  X  69.29)  =  7.49 
Static  head  in  ft.  of  air=(.43  X  69.29)  =29.80 
Dynamic  head  in  ft.  of  air =(.538  X  69.29) =37.29. 

OUNCES  Oy   PRESSURE  PER  Sq.  Ilf. 
The  dynamic  pressure  in  inches  of  v^^ater  v/as  reduced 
to  ounces  per  sq.  in. 

.538  X  .0361  X  16  =.311. 
I^ffEAlT  VET.OCITY  IIM  DUCT. 
Since  the  Pi  tot  tuhe  was  placed  at  the  mean  radius 
of  the  duct,  the  velocity  head  recorded  gives  the 
mean  velocity, 


v=  |2gh  =|2X32.2X. 108X69. 29  =21.93  ft.  per  sec. 

WT.  OP  CU.  FT.  OF  AIR  ITvT  oUCT. 

The  formula  Wi P  X  461  X  -0864,  was  used  to  ob- 

29 .92    T  " 
tain  the  weight  of  a  cu.  ft.  of  air  in  the  duct. 

'Ji^  =  wt.  of  a  cu.  ft.  of  air  in  Ihs. 

P= 'baroraeter-f- static  head,  ins.  of  Hg. 

T  =  absolute  temp,  of  air  in  duct°F. 

Therefore  '17=  29.77  X  461.0  X  .0864  =.0752  Ihs. 
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AIR  MOITCO  PER  SEC.    CU.    FT.    " 
Mean  velocity  X   area  duct.    =(21.93  X    .5454)=  11.96 
CU.     ft. 

AIR  M0"5rED  PER    SEC.    LBS. 
11.96  X    .0752  =  . 900   lbs. 

WORK  jX)>iHi  i:t  moviw^  air  ft.  lbs. 

?/t.    of   air  TQoved  per    sec.   X   dynarnic  head  ft   of   air., 
=  .900  X  37.29=33.60  ^-T.LBR.    per.    sec. 
WORK  DOm.   IN  MOVING   AIR  H.P. 

33.60  -f  550  —  .061  H.P. 
R.    P.   M.   OF  MOTOR  AND  ELOWEJl. 
The  values   of  R.    P.  ?f.    as   given  on  the   log 
sheet   are    the    average   of  the   values   given   on   the 
data   sheet,    and  have  heen   corrected  'vvith   the    aid 
of  the    tachometer   calibration  curves.      The    tachome- 
ter  curves  are    shown  on  prints    (H)  <k.   (I). 

PFJ^IPHERAL  VELOCITY   OF  BLA^OES   FT.    PER  MIM. 
(3.1416  X  19  X   598)^12  —  2980   ft.    per  min. 
WATTS   INPUT   OF  MOTOR. 
Volts  X   a;'nperes  =  114  X  4.83  =  550.2  watts. 
MOTOR  A^TD  BELT  EFFICIENCY. 
The  motor   efficiency   is   obtained  by   the  use 
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of  the  efficiency  curves  shown  on  print  (P) ,  which 

an  out  put  of  300  watts  corresponding  to  550.2  watts 

input,  at  the  speed  of  348  R,  P.  M. 

efficiency  =  300  «  550.2  =  54.50^, 

slip  of  -belt  =  (  12   X  318)  -  598  =  607  -  598 

:9  R.  P.  M. 

slip  of  helt  ^  =  9   *    607  =1.48;^ 

COMBINED  MOTOR  8c  BELT   EEPICIEITCY. 

54.50  fo   -    (54.50  X   1.48)— 53.69  ^. 

WORK   SUPPLIE.O  TO  BLOWER  PT.      LBS. 

.5369  X   550.2  X   3300C  =13,100  ?T .    LBS. 
746 

WORK  SUPPLIED  TO  BLOWj^R  H.    P. 

.5369  X    550.2   =.3966  H.    P. 
"7T6  — 

MECHAinCAL  EITFICIEHCY  OF  BLOWER  ;^ 

.061  ♦    .3966  =15.38  fo 

CAPACITY  COEWICIENT. 

A  statement  involving  the  capacity  coefficient 

is  as  follows: 

The  capacity  in  cu.  ft,  per  min.  is  equal  to 

the  cuhe  of  the  fan  wheel  diatn.  in  ft.  multiplied 

"by  the  R.  P.  M.  and  a  coefficient  K. 
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Cu.  ft.  per  min.=  (  .0  fx   R.  P.  n.   T  K. 


H 


Therefore  K=  cu.  ft.  ner  mlru  X    (12)  m  (11.96  7  60 

Tl9)3  x'R.    pV"t?""' 
X  1728)  -4-  (6859  X  598)=. 302 

HORSE  POWER  COEFPICIEFT. 

A  statement  involving  the  horse  power  coeffi- 
cient is  as  follows: 

The  horse  power  required  to  drive  the  "blower  is 
equal  to  the  fifth  power  of  the  diam.  of  the  fan 
wheel  in  ft.  multiplied  h^r  the  cube  of  the  R.  P.  S. 
and  divided  "by  1,000,000  the  quantity  heing  multi- 
plied "by  a  coefficient  K. 


TtSF  X  T60  )^  X  "1 ,  000 ,  000 


H .  P .  =  ( _D)  X  ( R .  P .  S . )  X  K  -  (19)   X  _(_R  ._?.>[.  )   X  K 


1,000,000 
^  =  .3966.  X  1,000.000  X  (12)'^X  (60)^ 

"TTTp^  X-^558F~ — " 

K  =  40.35 
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SAJiPLE   OP   GEHERAL   CALCULATION . 
RESULTS   SHOWN  OK  PRINT    (TT) 
The  data  used  in  the    calculation  of  these   re- 
sults were   ohtained   from  the   curve   sheets  for   con- 
stant  orifice,   and   represent  comparative  values* 

The   following  gives   the  method  of  calculation 
of   the  Buffalo  Blower  results   in  NO.    1  with  the 
discharge   orifice   constant   at    .5454   sq,    ft. 

CU.  PT.  PER  j.n:N. 
Cu.    ft.    per    sec.   X    60  =  29.28  X   60=1757    cu.    ft. 
per  min. 

CU.    PT.    PER  REVOLUTION. 
R.    P.    M.  =  800    .    .    1757  ♦   800=2.195    cu.    ft. 
DYNAIOC  HEAD, INCHES  K^O 
H=.753  --   ohtained  from  curve. 

OUNCES   PER  SQ,.    IN. 
.753  J.    .0361  X   16=. 435    ounces  per   sq.    in. 
THEORETICAL  HEAD. 

U^-(    .DNTT  f^    32.2  — (7722X800 f-t    32.2=182aOO    ft.    of 

g    (T2X60)  ("12X60"") 

air. 

Assuming  the  relative  densities  of  water  and 

air  as  1000:  1.200,  one  foot  of  air  =(12X1.200)  * 
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1000=:. 0144   inch,    water.   .*.    18^100  X   .0144  =  2.64       • 

inches   of  water. 

EQUIVAI^rr   ORIFICE. 

The   equivalent   orifice   is   oiotained  "by  using 

the   formula,    a-   .0005825£     where,    a =  area  equivalent 

'  h 
orifice   in   sq.    ft. 

0=  cu.    ft.    per  min. 

h=dyna;nic  head  in   inches     H^O 

Then   a^  .0003825  X   1757 

a-_.6725      -  .774    sq.    ft. 
.'87 

ORIFICE  OF  PASSAGE. 
The  following  shows  the  method  of  calculating 
the  orifice  of  passage  for  the  Buffalo  Blower  Run- 
ning at  1490  R.  P,  }i(,    discharge  area  .5454  sq.  ft. 


Formula  o 


h 
ho 


where   o=:  orifice   of  passage   sq.    ft. 
a— equivalent   orifice    sq.    ft. 
h= effective  head,    inches   of  water. 
ho -reduction  of   initial  head, 
a     is  o^btained  "by  taking   the   average  of   the 


-20- 
values  calculated  at  speeds  of  800,  1000  and  1200 
R.  P.  N. 

Therefore  a =,767  sq.  ft. 

As  will  "be  noticed  these  calculated  values  of  a 
agree  very  closely. 

At  1490  R.  P.  M.  the  initial  head  is  4.65 
inches  of  v/ater.   This  value  is  obtained  from  the 
constant  speed  variable  orifice  curves  on  the  Buffa- 
lo Blower.   Then  by  referring  to  the  constant  ori- 
fice (at  .5454  sq.  ft.)  variable  speed  curves,  the 
value  2.35  inches  of  water  will  be  obtained  as  the 
dynamic  head  at  1490  R.  P.  M. 
Then  4.65"  water  zz  initial  head. 

2.35"  water = effective  head, 
and  4.65  -  2.35-2.30"  Y.^i^O    reduction  of  initial 
head. 

#e  now  have  the  values  of  the  terms  given  in 

the  equation. 

Therefore  0-.767  ]  2.35  —.805  sq.  ft. 
I  2.30 
HORSE  POWER  COEPPICIEKTS. 

The  values  of  the  H.  P.  coefficient^ as  shown 

on  the  Comparative  Blov/er  Results  log  sheet^are  the 
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average  of  the  results  calculated  on  the  separate 
Blower  Test  lo^  sheets. 

CAPACITY  C0E7PICIEITT, 

These  values  were  also  obtained  from  the  sep- 
arate Blov/er  Test  log  sheets. 

With  the  exceijtion  of  a  few  cases  the  above 
coefficients  v/ere  almost  constant  in  value,  that  is^ 
constant  for  each  orifice. 

In  computing  the  H.  p.  coef.  it  was  found  that 
for  speeds  "below  1000  R,  P.  tt.  ^  the  values  obtained 
were  not  constant, 

Por  the  higher  speeds  the  values  became  -very 
nearly  constant,  and  these  v/ere  used  in  determining 
the  average  value. 
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THE  STURTEVA>IT  BLOWER. 
SIZE  ITO.  7 

In  the  installation  of  this  "blower  a  reducer 
had  to  "be  made  and  fitted  in  order  to  insure  a  good 
connection,  as  was  the  case  in  the  American  Blower. 

Again  the  same  tests  were  made  upon  this  Blower 
as  were  made  upon  the  Buffalo  and  American,  this 
test  being  an  exact  repitition  of  the  Ajnerican 
Blower  test.   Some  little  difficulty  was  encoiintered 
in  obtaining  and  maintaining  the  high  speeds  upon 
this  "blower  and  in  the  end  we  were  only  a"ble  to  o"b- 
tain  two  readings  instead  of  three,  as  in  other  runs. 
We  also  had  to  change  the  Pitot  Tu"be  connections  as 
the  velocity  head  was  too  large  to  he  o"btained  from 
the  draft  gauge.   The  manometer  was  therefore  sub- 
stituted in  the  draft  gauges'  place  for  reading  ve- 
locity heads,  and  the  draft  gauge  was  used  for  de- 
termining the  static  head.   We  also  had  to  drill 
through  one  of  the  thrust  bearings  on  the  blower  in 
order  to  get  the  R.  P.  M.  by  means  of  the  tacho^ae- 
ter.   We  did  this  in  such  a  manner  as  not  to  inter- 
fere with  the  smooth  running  of  the  blower. 
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The  data  of  these  tests  are  shovm  on  prints 
(HH){II)(JJ)(IGC),  and  the  results  calculated  there- 
from are  shown  on  prints  (LL)  (HM)  {?TTT)  (00) .   The 
curves  plotted  from  and  showing  these  results  are 
given  on  prints  (PP) (^Q) (3R) (SS) . 


CtETJERAL  .01 SCUSSION . 

The  results  of  the  testa  will  fee  compared  at 
the  point  of  the  highest  mechanical  efficiency  of 
each  hlower,  taking  into  account  capacity,  JOynajaic 
pressurfi  and  F.  P.  required  to  drive. 
TKST  ITO.  1 

Constant  speed,  1490  R,  P.  M,  approx.^  variable 
disch.  orifice. 

The  efficiency  curve  of  each  "blower  is  given 
on  print  (UU) .   It  will  "be  ohserved  that  the  Ameri- 
can Blower  shows  the  highest  efficiency,  52,^^,  at  a 
disch.  area  of  approx. ,  .325  sq.  ft. requiring  l,'^:^  H."°, 

Each  of  the  "blowers  shows  its  highest  efficiency 
at  this  disch.  area. 

Sturt.  ilfl   Buffalo  34^'. H.  P.  7.15^3.80  Respect. 

By  referring  to  the  general  curve  sheet  ofeach 
"blower  for  this  test,  the  following  results  appear 
for  the  disch.  area  of  .325  sq.  ft. 

Cu.  ft.  per  sec.  H.  P.  .Dynamic  head  inch  H^O 
Sturtevant     42        7.15       7.70 
Buffalo        31        3.8        4.55 
American       28        1.53       3.55 
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The  Sturtevauit  and  American  Slowers  show  mark- 
ed superiority  in  different  fields:  the  Sturtevant 
in  capacity  and  pressure,  while  the  American  re- 
quires very  little  horse  power  to  drive  it,  and 
leads  in  efficiency. 

The  Euffalo  has  an  advantage  over  the  American 
in  capacity  and  pressure,  hut  lacks  ISf'   of  "being  as 
efficient  and  requires  more  than  twice  as  much  horse 
power  to  drive, 

Betv/een  the  Sturtevant  and  American  Blowers  it 
is  a  matter  of  requirements  as  to  which  is  the  het- 
ter,  "but  either  has  a  decided  advantage  over  the 
Buffalo  according  to  this  test, 
TEST  NO,  2 

Constant  speed  1090  R.  "^ .   M.    approx.,  variable 
disch.  orifice.   The  efficiency  curve  of  each  blower 
is  given  on  print  (W).   It  will  be  observed  that 
the  Sturtevant  Blower  shows  the  highest  efficiency, 
58.50;^,  at  a  disch.  area  of  approx.,  .325  sq.  ft., 
requiring  2.64  H.  P. 

Each  of  the  blowers  shows  its  highest  efficiency 
at  this  disch..  area. 
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American  48;^,  Buffalo  34<  requiring  .72  (g. 140 
R.  "P.  Respect. 

By  referring  to  the  general  curve  sheet  of 
each  blower  the . following  results  appear,  for  the 
disch.  artia  of  .325  sq.  ft. 

cu.ft.  per  sec.   H.  P.   dynaznic  press,  inch  K^O 
Sturt.     33.5  2.64       4.83 

Buffalo.   22.5  1.4        2.35 

Araer.      20.0  .72       1.75 

In  this  test  the  results  shown  "by  the  Sturte- 
vant  Blower  are  much  "better  than  those  "by  either 
the  American  or  Buffalo  Blowers. 

As  in  the  preceding  test  the  Buffalo  shows 
"better  that  the  American  in  cap,  and  pressure,  "but 
falls  "behind  in  mechanical  efficiency,  the  American 
Blower  advantage  "being  14^. 

The  Sturtevant  is  still  rather  high  in  horse 
power  requirements,  "but  has  increased  in  efficiency, 
and  its  capacity  and  pressure  qualities  seem  to 
place  it  "before  the  others. 

TTiST   NO.  3 

Constant  Orifice,  5454  sq.  ft .,  variable  speed. 

The  efficiency  curve  for  each  "blower  is  given 
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on  print  (W^ff) . 

The  Sturtevant  Elower  shows  its  highest  ef- 
ficiency at  1000  R.  P.  ?/r.,  42. 50;^,  requiring  3.1 
H.  P. 

The  American  Blower  shows  its  highest  effi- 
ciency at  1300  R.  "P.  M.,  3050;^,  requiring  1.75  H.  p. 

The  Buffalo  Elower  shows  its  highest  eff^iciency 
at  1100  R.  P.  M.,  27. 00,<,  requiring  2.5  H.  P. 

By  referring  to  the  general  curve  sheet  of 
each  "blower  the  following  results  appear  at  highest 
M.  E.  points. 

Oynain.  press.  ^^P.  to  drive. 
2,6         3.1 
1.4         1.75 
1.4         2.5 
The  only  question  hetween  the  Sturtevant  and 
American  Blowers  is  in  the  horse  power  required  to 
drive,  the  other  points  "being  in  favor  of  the  Sturte- 
vant. 

The  results  of  the  Buffalo  Blower  do  not  com- 
pare at  all  favorably  with  the  other  two. 

The  American  is  first  in  H.  P.  required  to 


cu. 

.  ft.  per  sec, 

Sturt. 

56 

Amer. 

42 

Buffalo. 

40 
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drive,  the  Sturtevant  leads  in  the  other  items, 
while  the  Buffalo  stands  out  only  in  pressure, 

TEST  I^yO.  4 
Constant  Orifice  .349  sq.  ft.^  varialDle  speed. 

The  efficiency  curre  for  each  "blower  is  given 
on  print  (XX). 

The  Sturtevant  Blower  shovyrs  its  highest  ef- 
ficiency at  1000  R.  P.  M.,  57;^,  requiring  2.00 
H.  P. 

The  American  Blower  shows  its  highest  effi- 
ciency at  1200  R.  "P.  M.,  54^,  requiring  1.00. 

The  Buffalo  Blower  shows  its  highest  efficiency 
at  1200,  36;^j requiring  2,10. 

By  referring  to  the  general  curve  sheet  of 
each  "blower  the  following  results  appear  at  the 
highest  ¥.  E.  points. 


ft. 

per   s  ^.  c 

Oynainic 

H.    P. 

Sturt. 

32 

3.65 

2.00 

Buffalo. 

27 

2.85 

2.10 

Amer . 

24 

2.15 

1.00 

-29- 

The   Sturtevant   is   a^ain   first   in   every  way  ex- 
cept horse   power,    but   this   time   its   advantage   in 
efficiency   over   the   American  Blower   is  only  3^  and 
it   requires   twice   the    driving  horse  pov/er. 

The  Buffalo   exceeds   the   American   in    cap.    and 
pressure,   Tout   is   so  far  "behind  in   efficiency   to 
drive,    that   it   offsets   the   advantage. 
COITCLUSIONS. 

The   Sturtevant  Blower   is  a   -very   e_^ficient 
machine  when   running  at   ahout  1000  R.    P.   :',!.,    and 
discharging   through  a  constant  orifice   of  S   or  10 
in.    diajneter.      The   efficiency  decreases  rapidly 
as    the    speed  is   raised,   while   discharging  through 
a  10   in.    orifice,    hut   remains   practically   constant, 
from  1000    to   1500  R.    "o.   /f.,    when    the   3   in.    disch. 
orifice   is  used. 

In   the    v:-iriahle   discharge  area  and    constant 
speed  test    the  Sturtevant  Blower  performed  most 
efficiently  with  a   disch.    orifice   of  ahout   3   in.    in 
diameter   at   a   speed  of  1100  R.    P.   M. 

The  American  Blower   stands   out   almost   as  well 
as    the   Sturtevant   so   far   as   efficiency   is   concerned, 
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and  is  far  in  the  lead  considerintr  horse  power  to 
drive,  "bxit   is  deficient  in  coraparison  with  the 
others  as  to  capacity  and  pressure. 

Its  hest  perfomiance  v/ith  constant  disch. 
orificec;  and  variahle  speeds,  was  with  the  8  in. 
orifice  at  1200  R.  P.  M. 

The  hi^h  speeds  do  not  affect  its  efficiency 
nearly  as  much  as  was  observed  in  the  case  of  the 
Sturtevant. 

In  the  variable  discharge  area  and  constant 
speed  test,  the  best  results  obtained  v/ere  with 
the  same  disch.  orifice  as  with  the  Sturtevant 
T^lower  but  at  1490  R.  V.   M. 

The  Buffalo  Blower  is  not  up  to  the  standard 
of  the  other  blowers  and  only  compares  with  the 
American .only  in  capacity  and  pressure,  at  a  de- 
cided loss  in  horse  po-ver  and  efficiency. 

The  best  results  obtained  from  the  constant 
discharyre  experiments  were  with  the  8"  orifice  at 
1200  R.  P.  M. 

When  it  was  discharging  at  constant  speed  the 
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results  were  the  same  at  speeds  of  1100  and  1500 
R.  P.  M.  the  disch.  orifice  diameter  remaining  con- 
stand  at  8". 

The  marked. superiority  of  the  Sturteyant  Blow- 
er in  the  matter  of  capacity  and  pressure  is  un- 
dou"btedl7  due  to  the  fact  that  the  Sturtevant  fan 
wheel  diameter  is  much  greater  than  those  of  the 
other  tv.'o.   Also  the  Sturtevant  has  six  large  vanes 
with  three  intermediate  small  ones,  while  the  Ameri- 
■can  and  Buffalo  have  six.  and  five  large  ones  respec- 
tively. 

The  difference  in  capacity  and  pressure  "be- 
tween the  Buffalo  and  American  is  due  to  the  fact 
that  the  Buffalo  fan  wheel  diam.  is  3  in.  greater 
than  that  of  the  American, 


DISCUSSIOK  OP  COKPARATI^rE  BLOWER  LOG  SHEET  RERUI.TS. 

This  log  sheet  appears  on  print  (TT)  and  shows 
the  action  of  the  hlov;ers  tmder  similar  conditions. 

B  represents  the  Buffalo  Blower. 

A  represents  the  Ataerican  Blower. 

S  represents  the  Sturtevant  Blower, 

In  capacity  it  can  he  seen  that  S,  B,  &  A  rank 
first,  second  and  third,  a.lso  in  dynamic  pressure 
the  saiiie  is  true. 

These  differences  can  he  laid  almost  directly 
to  the  fan  wheel  diameter. 

It  is  interesting  to  note  the  fact  that  hy  di- 
viding the  dynaraic  head  by  _U  ,  which  gives  the  ma- 

g 
nometric  efficiency,  the  resulting  value  is  almost 

a  constant  for  each  orifice.   The  average  manometric 
efficiency  for  all  three  "blowers  is  28^  at  .5454 
sq.  ft.  discharge,  and  46^^  at  .349  sq.  ft.  dis- 
charge. 

The  equivalent  orifice  is  shown  to  be 
practically  constant  for  each  blower  at  different 
speeds  providing  the  discharge  orifice  remains  con- 
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stant. 

The  equivalent  orifice  represents  the  area 

necessary  to  discharge  a  given  volume  of  air,  with- 
out friction,  in  the  passage  of  same. 

The  orifice  of  passage  represents  the  amount 
of  area  which  is  taken  up  in  the  friction  of  the  air 
passing  through  a  duct. 

The  horse  power  coefficient  is  valuable  in 
that,  if  the  diaai.  of  fan  wheel  and  R,   V.   M.  ,  de- 
sired are  known,  the  tt.  P.  required  to  drive  can  he 
calculated. 

The  capacity  coeff.  is  also  valuable  because, 
with  its  aid,  the  cu,  ft.  per  min.  to  be  expected 
from  a  blov/er  can  be  calculated  when  the  desired 
fan  wheel  diam.  and  R.  P.  U .    are   knovm. 
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LIST   OP   CONSTA^TTS   DETKRMIFEr)   IM  EXPERIIffllfTS    AND 
CALCUT.ATIONS. 
BUP.FALO   BLOTTER. 
S17M   NO.    9 
h=:. 000004125   N^  h=ins.    of   water     N=R.p.M. 

PERIPHERAL   "^/ELOC 1 TY . 
V=.5.76N  V^FT.    permin.         N=R.P.¥. 

OA'DACITY  C0E?':R'ICIENT. 
For   2"    or   8"   disch.    orifice. 
0=1.3175   X  R.-P.T/.  Q.=  cu.    ft.    per  min. 

T^'or  10"    disch.    orifice. 
q=  2.245   X  R.P.M. 

HORSE  POWER   GOEPPICIENT. 
For   8"   Disch.    orifice. 
H.T3.=  , 00000000120?      (R.P.M.  f 

For  10"    disch.    orifice. 
H. P. =  .00000000201       (R.P.M. f 
AJ^^ERICAN  BLOWER. 
TYPE  V.    NO.    5 
THEORETIC AJj  HEAD. 
h=  .000003075  N*      h=  inches   v/ater  N=^R.P..M. 

PERIPHERAJ.    -rELOCITY. 
V=4.98N  V=FT.    permin.      N.=  R.P.M. 
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CAPACITY  COEFFICIENT. 
8"    orifice. 
Q=  1.106  R.P.M.  Q=cu.    ft.   per  min. 

10"    orifice. 
0=1.883   R.P.M. 

HORSE  POWER   COEJTICIEfTT. 
8"   orifice. 
H. P.  =  .000,000,000,549    (R.P.M.  )^ 

10"    orifice. 
H. P.  =  .0000000007961    (R.P.^T.f 
STIJRTHY.^IT   BLOWER. 

SIZE  I^TO.    7 
THEORETIC.AJ.   HEAD. 
h=  .0000082  11^        h=  inches  water     F=R.^.M. 

PERIPHERAT.  ^TELOCITY. 
V=8.12  N  V=ft.    per  min.      N  =  R.P.M. 

CAPACITY   COEFFICIE^TT. 
8"    orifice. 
Q=  1.932  R.P.M.  q=  cu.    ft.    per  min. 

10"    orifice. 
q=3.34f5   R.P.M. 

HORSE  POW>]R   COEFFICIENT. 
8"    orifice. 
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H. P.  =  .000000002221  (R.P.M.)^ 

10"  orifice. 
H. P.  =  .000000003495  (R.P.M.f 
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